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, $/\backslash$ (pattern languages) . $\Sigma=\{a, b, \cdots\}$
, $X=\{x, y, \ldots\}$ . ,
aaxybbxaa $p\in(\Sigma\cup X)*$ . ,
– .
, 2 (regular, or
repetition-free patterns) . (erasing reg-
ular patterns) $ERP$ , (nonerasing regular pat-
terns) $RP$ . , “ $*$”(Vari-
able Length Don’t Care Symbols) $-$ .
, $p,$ $q,$ $r,p_{\mathrm{o}p_{1}},,$ $\ldots$ .
$P$ , $L(p)$ ,
. , $L(p)$ $P$
. $\{p_{1}, \ldots ,p_{m}\}$ ,
$L(\{P1, \ldots,Pm\})=L(p_{1})\cup\cdots\cup L(p_{m})$ . $k\geq 1$ ,










(subsumption) . $P,$ $Q$ ,
$P\subseteq Q\Leftrightarrow(\forall p\in P)(\exists q\in Q)p\preceq q$
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. , $P\subseteq Q$ $\Rightarrow$ $L(P)\subseteq L(Q)$
, – . $P\subseteq Q$
, $L(P)\subseteq L(Q)$ .
2
, $P\subseteq Q$ $L(P)\subseteq L(Q)$
– , . ,
– , $P\subseteq Q$ $\Leftrightarrow$ $L(P)\subseteq L(Q)$
.
(Compactness with respect to containment):
$k\geq 0$ . $C^{k}$ ,
$l\leq k$ $p,$ $q_{1},$ $\ldots,$ $ql\in C$ , $\cdot$ $L(p)\subseteq L(q_{1})\cup\cdots\cup L(q\iota)$
, $1\leq i\leq l$ $p\preceq q_{i}$ .
$(|\Sigma|=\infty)$ ,
. , $\Sigma$ , , Angluin (1980)
. , $\Sigma=\{0,1\}$ , $P=\mathrm{O}\mathrm{O}X11$ $q=xO1y$ , $L(p)\subseteq L(q)$
– , $P\not\leq q$ . , $|\Sigma|=2$ , $ERP=$
$ERP^{1}$ $RP=RP^{1}$ , .
, ,
. Shinohara (1982) , $|\Sigma|\geq 3$ , $ERP$
. , Mukouchi (1992) , $|\Sigma|\geq 3$ ,
$RP$ .
, ,
. Wright (1989) , $|\Sigma|\geq k+1$
, $k$ 1 $P_{1}^{k}$ .
(1992) , $|\Sigma|\geq k+1$ , 1 $k$
$TP^{k}$ . , $ERP^{k},$ $RP^{k}$
, $m$ , $|\Sigma|\geq 2km+1$
. ,
, .
. , $2k+1$ ,
, $ERP^{k}$ $RP^{k}$ .
Theorem 1($RP^{k}$ and $ERP^{k}$ ) $k\geq 1$ ,
$\Sigma$ , $p,$ $q_{1},$ $\ldots,$ $q_{\iota}(l\leq k)$ . , $|\Sigma|\geq 2k+1$
:
$L(p)\subseteq L(q_{1})\cup\cdots\cup L(q_{l})\Leftrightarrow$ $1\leq i\leq l$ $q_{i}\preceq p$ .
247
,. $k\geq 1$ , $\Sigma=\{0,1, \ldots, \mathrm{k}\}$ ,
$p=\mathrm{O}\mathrm{O}x\mathrm{k}\mathrm{k}$ , and $q_{i}=x\mathrm{o}\mathrm{i}y(1\leq i\leq k)$ . , $L(p)\subseteq L(q_{1})\cup\cdots\cup L(q_{k})$ ,
$1\leq i\leq k$ $P\not\leq q_{i}$ . , $-$
$\Sigma$ , $p,$ $q_{1},$ $\ldots,$ $q_{k}\in RP$ . , .
Theorem 2( $|\Sigma|$ ) $k\geq 1$ .
, $ERP^{k}$ $RP^{k}$ ,
$k+1$ $\sum$ .
, $2k+1$ $k+2$ .
3
(DFA) $C$ , ,
$\mathrm{N}\mathrm{C}\mathrm{P}(c^{k})$ . DFA $k$ , NCP $(C^{*})$ .
The Non-Containment Problem for $k$ DFA (NCP $(C^{k})$ )
Instance: DFA $N,$ $M_{1},$ $\ldots,$ $M_{m}\in C$ , where $m\leq k$ .
Question: whether $L(N)\subseteq L(M_{1})\cup\cdots\cup L(M_{m})$ ?
DFA NCP(DFA*) PSPACE . $-$ , DFA
$k$ , $\mathrm{N}\mathrm{C}\mathrm{P}(\mathrm{D}\mathrm{F}\mathrm{A}^{k})$ NLOGSPACE $(k\geq 1)$ .
, . ,
, .
Theorem 3 NCP $(ERP^{*})$ NCP $(RP^{*})$ $NP$ .
$\mathrm{N}\mathrm{P}$ . , NP .
, $L(N)-L(M_{1})\cup\cdots\cup L(M_{m})$ $w$
. , DFA $w$
. , .
, Aho-Corasick .
Lemma 4 $L(p)-(L(q_{1})\cup\cdots\cup L(qm))\neq\emptyset$ , $w\in L(p)-(L(q_{1})\cup\cdots\cup L(qm))$
, $O(n^{2})$ . , $n$ $p,$ $q_{1},$ $\ldots,$ $q_{m}$
.
$k$ , DFA , NCP $(ERP^{k})\in$
NLOGSPACE . ,
, .
Theorem 5 $|\Sigma|\geq 2k+1$ , NCP $(ERP^{k})$ NCP $(RP^{k})$ DLOGSPACE
.
$|\Sigma|\leq 2k$ , $\Sigma=\{0,1\}$ $\mathrm{N}\mathrm{C}\mathrm{P}(ERP^{k})$ NCP $(\mathrm{R}\mathrm{P}^{k})$
.
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4(Angluin 1980, Shinohara 1982) ,
, ,









Theorem 6 $|\Sigma|\geq 2k+1$ , $ERP^{k}$ $RP^{k}$ , Angluin (1980)
.
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